Several genetic variants of peroxisome proliferator-activated receptor-␥2 (PPAR-␥2), a molecule known to be involved in transcription of target genes, have been identified. Pro12Ala, a missense mutation in exon 2 of the gene, is highly prevalent in Caucasian populations. Conflicting conclusions about the association between this mutation and complex traits such as obesity, insulin sensitivity, and T2DM have been reported. We have investigated the association of PPAR-␥2 Pro12Ala polymorphism with measures of insulin sensitivity in a population of Italian obese children (n ϭ 200; mean age, 10.38 Ϯ 2.8 y) in whom clinical and biochemical analyses were performed. To estimate the insulin sensitivity status, the homeostasis model assessment of insulin resistance (HOMA-IR) was calculated in all subjects. The effect of the Pro12Ala polymorphism on quantitative variables was tested using multiple linear regression analysis. The frequency of Ala carriers was 17%, similar to that reported in other adult Caucasian populations. The X12Ala (either Pro12Ala or Ala12Ala) genotype was associated with significantly lower fasting insulin levels compared with Pro/Pro (p ϭ 0.008). Consistent with this finding, significantly lower HOMA-IR was observed in X12Ala carriers (p ϭ 0.023). In conclusion, our observations demonstrate that the X12Ala variant is significantly associated with greater insulin sensitivity in childhood obesity. Because obesity is one of the most important risk factors for cardiovascular diseases and type 2 diabetes, obese children, who are presumably at a higher risk, may be protected from these diseases by the phenotypic effect of the Ala 12 allele on insulin resistance. There is increasing recognition that defects in tissue sensitivity to insulin are a key factor in predisposing individuals to common disorders such as hypertension, dyslipidemia, and T2DM, ultimately contributing to increase the risk of atherosclerosis in the general population (1). The mechanisms underlying insulin resistance are not fully known, but obesity and genetic factors seem to be of great significance. In the search for genes that influence insulin sensitivity in individuals, those playing a role in adipose tissue metabolism may be recognized as good candidates.
The development and metabolism of adipocytes are regulated in a complex manner and the important role of the transcription factor PPAR-␥ has been recently recognized. PPAR-␥ are members of the nuclear hormone receptor family of transcription factors, which are known to be involved in transcription of target genes (2) . PPAR-␥2 is specific for adipose tissue; this characteristic makes it a candidate gene for the regulation of insulin and glucose metabolisms. Among genetic variants identified in the PPAR-␥2 gene, the Pro12Ala variant is highly prevalent in Caucasians (3) .
Conflicting results regarding the association between this mutation and complex traits, such as obesity, insulin sensitivity, and T2DM, have been reported so far. Some of these suggested that the X12Ala (either Pro12Ala or Ala12Ala) genotype is related to improved insulin sensitivity (4, 5) , particularly in subgroups with obesity (6), although this conclusion is still controversial (7).
In view of these considerations, the aim of our study was to investigate the association of PPAR-␥2 Pro12Ala polymorphism with measures of insulin sensitivity in a population of obese children and to assess the relation of this genetic variant with the clinical and metabolic abnormalities of insulin resistance. The influence of environmental factors in a data set of children is low when compared with adults, who have been exposed to different environmental factors for much longer. The search for genetic determinants for obesity-related traits in children could increase the chance to find the responsible loci.
MATERIALS AND METHODS
Two-hundred obese children (mean age, 10.38 Ϯ 2.8 y), were consecutively enrolled at the Center for Nutrition and Dietetics of the Department of Paediatrics of University "La Sapienza" (Rome) from September 2002 to April 2003. Exclusion criteria were previous diagnosis of diabetes mellitus and/or endocrine diseases.
All subjects were born in the Lazio region and were currently residing there. Parents gave their written informed consent to participate in the study after being informed of its nature. The study protocol was approved by the Ethical Committee of the University "La Sapienza" in Rome. A padiatrician (A.V.) performed the Tanner staging of puberty. The distribution of Tanner stages was as follows: prepubertal stage I: 78 (42 boys and 36 girls); early pubertal stage II-III: 76 (39 boys and 37 girls); and late pubertal stage IV-V: 46 (14 boys and 32 girls).
The degree of obesity was quantified using Cole's least mean square method, which normalizes the skewed distribution BMI and expresses BMI as a SD score (SDS). This measure gives age and sex-specific estimates of the distribution median (M), the variation coefficient (S), and the degree of skew (L) by a maximum-likelihood fitting technique (8) . A complete medical history was obtained by questionnaire. Clinical (height, weight, BMI, and blood pressure) and fasting biochemical features (fasting glucose, insulin plasma levels and lipid profile, total and HDL cholesterol, and triglycerides) were evaluated at entry. Furthermore, flavored glucose in a dose of 1.75 g per kilogram of body weight (up to a maximum of 75 g) was given orally, and blood samples were obtained for measurements of plasma glucose and insulin at 0 and 120 min.
Serum cholesterol and triglyceride levels were determined with the Technicon RA-1000 Autoanalyzer (Technicon Instruments Corp., Tarrytown, NY); HDL was measured after precipitation of ApoB-containing lipoproteins with photungstic acid/MgCl 2 . LDL-cholesterol was calculated using the Friedewald formula (9). Glucose levels were determined with the glucose oxidase method (Autoanalyzer, Beckman Coulter, Fullerton, CA). Serum insulin was measured in frozen samples (10) by RIA (Adaltis insulin kit, Adaltis, Inc., Montreal, Canada). Insulin resistance was estimated according to HOMA-IR following the formula: [(fasting insulin · fasting glucose)/22.5] (11).
Genotype analysis. Two hundred base pairs of sequence surrounding PPAR␥2 Pro12Ala was provided to Applied Biosystems (Foster City, CA) to develop Taqman Allelic Discrimination (AD) Assays using their assay by design platform. Genotyping of the Pro12Ala AD was performed using primers (0.9 moli/L each) Forward 5'-TTATGGGTGAAACTCTGGGAGATT-3' and reverse 5'-TGCAGACAGTGTATCAGTGAAGGA-3' and the Taqman MGB probes Fam-TTCTGGGTCAATAGG and Vic-CTTTCTGCGTCAATAG (0.1 moli/L each; Applied Biosystems). Four microliters of a 10 ng/L stock of DNA was dispensed into 384-well PCR plates using a Biomek FX robot (Beckman Coulter), to which 6 L of a mix containing primers, MGB probes, and TaqMan Universal PCR Master Mix (Applied Biosystems) were added. These were sealed with optical seals (Applied Biosystems) and incubated at 95°C for 10 min followed by 40 cycles of 95°C for 15 s and 60°C for 1 min before analysis on a 7900HT plate reader (Applied Biosystems). Individual genotypes were determined using SDSv2.1 software (Applied Biosystems).
Statistical analysis was performed using the SPSS statistical software, version 12 (SPSS Inc. Chicago, IL). Genotypic and allelic distributions were compared with the Pearson 2 test. The effect of the Pro12Ala polymorphism on quantitative variables was tested using multiple linear regression. We adjusted values for BMI-SDS, gender, age, and pubertal stage. In addition, the effect of the interaction between genotype and BMI was included in the model. The Pro12Ala polymorphism was introduced as a dichotomous variable in the analysis. Data for insulin, triglycerides, and HOMA-IR were log 10 transformed to normalize their distribution.
RESULTS
Observed genotype frequencies of the polymorphism were in agreement with Hardy-Weinberg expectations. The frequency of Ala allele was 9% (Pro/Pro ϭ 83%, Pro/Ala ϭ 16%, Ala/Ala ϭ 1%), similar to that reported in other Caucasian populations. No significant differences in age, gender, or blood pressure were observed between the X12Ala carriers and noncarriers ( Table 1 ). The Pro12Ala variant was not associated with differences in BMI-SDS at the p ϭ 0.05 level. X12Ala children showed significantly lower fasting insulin levels compared with Pro/Pro (p ϭ 0.008). Consistent with this finding, a significantly lower HOMA-IR was observed (p ϭ 0.023). Moreover, we observed a slight decrease (not statistically significant at the p ϭ .05 level) of insulin level at 120 min in Ala carriers compared with noncarriers.
The lipid profile did not show any significant differences between the two groups. No significant interaction effect was observed between BMI and X12Ala polymorphism in modulating insulin sensitivity (HOMA-IR p value interaction, 0.81; fasting insulin p value interaction, 0.68).
DISCUSSION
In the present study, we have demonstrated that the common variant of PPAR-␥2, X12Ala, is significantly associated with higher insulin sensitivity in childhood obesity. In particular, X12Ala carriers showed significantly lower insulin levels and HOMA-IR compared with noncarriers. Furthermore, we observed a decrease, although not significant, in the mean insulin level at 120 min of oral glucose tolerance test in Ala carriers. The X12Ala polymorphism has been variably associated with BMI (4,7), insulin sensitivity (12) (13) (14) and a decreased or increased risk to develop T2DM (5, 15, 16) . The first evidence for an association between the X12Ala polymorphism in (4, (12) (13) (14) (15) , although Li et al. (17) demonstrated significant decreasing fasting insulin and HOMA-IR with increasing gene dosage of the Ala12 allele in adulthood and a similar trend, even though not significant, in childhood. The picture is still unclear, as demonstrated by several reports of either no significant association between insulin sensitivity and this variant (18) or increased insulin resistance. For example, a recent report showed a marked impairment in estimated insulin sensitivity in homozygote Ala carriers (5) .
The disparate findings may be partly attributed to insufficient power in some studies, the heterogeneity of the study population in terms of clinical phenotype (lean, obese), and the type of study (population-based, clinical-based).
Our finding adds weight to previous observations of the association between insulin sensitivity and X12Ala genotypes (4, 5) . The limitations of our study include the possibility of false-positive associations due to type 1 error, and small sample size for the analysis of qualitative traits given the allele frequency of the X12Ala allele. This may also account for the lack of statistical significance for the interaction between SDS-BMI and X12Ala polymorphism, this being the same conclusion as found in a previous study (17) . In conclusion, our observations suggest a protective effect of the X12Ala polymorphism of PPAR-␥2 on insulin resistance syndrome. Inasmuch as obesity is one of the most important risk factor for cardiovascular diseases and T2DM, obese children who are presumably at a higher risk may be protected from these diseases by the phenotypic effect of the Ala 12 allele on insulin resistance.
